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1,020 trees ha−1.	While	 standing	 volume	 (m3 ha−1)	 was	maximised	 at	 the	 highest	 initial	 stocking	 (2,424 trees ha−1),	 merchantable	 volume	maximised	 at	 initial	 stocking	 rates	 between	 423	 and	 637 trees ha−1.	 Companion
cropping	demonstrated	that	modest	yields	of	maize,	cassava	and	pigeon	pea	are	possible	under	established	teak,	where	the	spacing	between	trees	exceeds	8 m.	Both	maize	and	cassava	achieved	yields	of	over	2 t ha−1	with	a
spacing	 of	 8 m	 between	 trees,	while	 pigeon	 pea	 achieved	 3 t ha−1	 at	 10 m	 spacing	 between	 trees.	 These	 results	 demonstrate	 that	 the	 adoption	 of	 reduced	 initial	 stocking	 rates	 for	 teak	 (i.e.	 below	 1000 trees ha−1)	 can
significantly	 increase	the	growth	rates	of	teak,	 improving	individual	tree	volumes,	and	potentially	reducing	time	to	commercial	harvest.	Further,	where	row	spacing	is	at	 least	8–10 m,	these	results	suggest	 that	extended
periods	of	companion	cropping	(2–6 years	after	planting)	may	be	possible.	Finally,	given	that	Lao	farmers	are	reluctant	to	adopt	pre-commercial	thinning,	serious	consideration	should	be	given	to	the	promotion	of	simple,




















































Radius Radius	length	(m) Stocking	rate	(trees	ha−1) Growing	space	(m2	tree−1) Spacing	between	rings	(m) Spacing	between	spokes	(m)
1† 6 – – – –
2 7.9 2424 4.1 2.1 2.1
3 10 1659 6 2.5 2.6
4 12.5 1020 9.8 3.5 3.3
5 16 637 15.7 4 4.2
6 20 423 23.6 5 5.2
7 25 255 39.2 7 6.5
8 32 159 62.8 8 8.4
9 40 106 94.5 10 10.4






































































































Crop	yield Spacing	between	trees	(m) R2 RMSE Sig
(t	ha−1) 4 m 5 m 7 m 8 m 10 m
Cassava 1.73 2.63 3.65 3.4 4.28 0.86 1.98 **
(0.5–4.4) (1.2–3.7) (1.8–5.1) (1.7–4.7) (2.3–5.7)
Maize 1.94 3.1 3.05 3.15 2.3 0.86 1.29 **
(1.4–2.4) (2.1–4.4) (2.4–3.7) (2.7–3.6) (2.1–2.7)_
Peanut 0.14 0.16 0.15 0.18 0.07 0.62 0.01 **
(0.1–0.2) (0.1–0.3) (0.1	–0.2) (0.1–0.3) (0.1–0.1)
Pigeon	pea – 0.7 0.21 0.77 2.63 0.45 1.81 *












season	 the	observed	 tree	height	 increased	with	 increasing	stand	density.	The	effect	of	stand	density	 to	promote	height	growth	during	 the	early	stages	of	stand	development	has	previously	been	reported	and	was	associated	with
physiological	responses	that	induce	stem	elongation	to	increase	the	chance	of	overtopping	neighbouring	trees	(Telewski	and	Jaffe,	1986;	Riley	and	Nixon,	1993,	Kuehne	et	al.,	2013).









2.3 m	(at	2424 trees ha−1),	and	 increased	 the	proportion	of	dead	branches	on	 the	main	stem	and	 the	consequent	 increase	 in	 the	height	 to	 the	 first	 live	branches	 (over	∼9 m).	These	results	and	observations	confirmed	that	 teak	 is
intolerant	of	inter-tree	competition	and	crowns	of	adjacent	trees	do	not	intermingle	substantially.	Pérez	and	Kanninen	(2003)	studied	the	above	ground	biomass	of	16	plantation	T.	grandis	(8	to	–47 year-old)	 in	Costa	Rica,	and	found	a
positive	and	strong	 relationship	between	crown	diameter	and	DBH.	Conversely,	Ola-Adams	(1990)	 did	not	 find	 that	 the	 initial	 spacing	affected	 the	crown	diameter	 in	18-year-old	 teak	 in	 south-western	Nigeria,	 although	 the	crown






































































Years	after	planting Traits B S P S × P
0.8 Total	height	(m) ∗ 0.866 0.059 0.159
1.5 Total	height	(m) 8 0.336 ∗∗ 0.435
2.4 Total	height	(m) ∗∗ ∗∗ ∗∗ 0.591
DBH	(cm) ∗ ∗ 0.056 0.606
3.5 Total	height	(m) ∗∗ ∗∗ 0.241 0.888
DBH ∗ ∗∗ 0.067 0.096
Total	height	(m) ∗∗∗ ∗∗∗ 0.747 0.534
DBH	(cm) ∗ ∗∗∗ 0.349 0.331
4.4 Basal	area	(m2/ha) 0.349 ∗∗∗ 0.44 ∗
Volume	per	tree	(m3/tree) ∗∗ ∗∗∗ 0.52 0.419
Stand	volume	(m3/ha) 0.107 ∗∗∗ 0.47 ∗
Merchantable	volume	(m3/ha) 0.186 0.059 0.446 0.761
Total	height	(m) ∗∗∗ ∗∗∗ 0.083 0.173
DBH	(cm) 0.083 ∗∗∗ 0.35 0.174
5.7 Basal	area	(m2/ha) 0.733 ∗∗∗ 0.334 ∗
Volume	per	tree	(m3/tree) ∗ ∗∗∗ 0.922 0.163
Appendix	B
Models	and	regression	statistic	developed	in	this	study	between	D.B.H	(cm)	and	age	of	tree	(years)	for	each	initial	planting	density	(trees	ha−1).
Stand	volume	(m3/ha) 0.286 ∗∗∗ 0.707 ∗
Merchantable	volume	(m3/ha) ∗ ∗∗∗ 0.834 0.574
Total	height	(m) ∗∗∗ ∗∗∗ 0.067 0.242
DBH	(cm) ∗ ∗∗∗ 0.097 0.171
6.6 Basal	area	(m2/ha) 0.893 ∗∗∗ 0.268 0.056
Volume	per	tree	(m3/tree) ∗∗∗ ∗∗∗ 0.918 0.228
Stand	volume	(m3/ha) 0.438 ∗∗∗ 0.78 ∗
Merchantable	volume	(m3/ha) ∗∗ ∗∗∗ 0.509 0.752
Total	height	(m) ∗∗∗ ∗∗∗ 0.444 ∗
DBH	(cm) ∗ ∗∗∗ 0.168 0.155
7.5 Basal	area	(m2/ha) 0.898 ∗∗∗ 0.357 0.118
Volume	per	tree	(m3/tree) ∗∗∗ ∗∗∗ 0.461 0.103
Stand	volume	(m3/ha) 0.775 ∗∗∗ 0.624 0.121
Merchantable	volume	(m3/ha) ∗∗∗ ∗∗∗ 0.462 0.198
Total	height	(m) 0.235 ∗∗∗ 0.745 ∗
DBH	(cm) 0.185 ∗∗∗ 0.128 0.154
8.6 Basal	area	(m2/ha) 0.957 ∗∗∗ 0.216 0.144
Volume	per	tree	(m3/tree) ∗ ∗∗∗ 0.174 ∗
Stand	volume	(m3/ha) 0.92 ∗∗∗ 0.422 0.196
Merchantable	volume	(m3/ha) ∗∗ ∗∗∗ 0.182 0.333
Total	height	(m) 0.091 ∗∗∗ 0.467 0.244
DBH	(cm) 0.364 ∗∗∗ 0.211 0.094
Basal	area	(m2/ha) 0.996 ∗∗∗ 0.329 0.106
9.3 Volume	per	tree	(m3/tree) 0.151 ∗∗∗ 0.273 0.327
Stand	volume	(m3/ha) 0.151 ∗∗∗ 0.273 0.327
Merchantable	volume	(m3/ha) 0.088 ∗∗∗ 0.348 0.38
Crown	diameter	(m) ∗∗∗ ∗∗∗ 0.156 0.17





Density N.	obs. Model a∗ b∗ R2 RMSE
106 40 y = ax + bx2 1.59 0.13 0.93 5.03
159 40 y = ax + bx2 1.90 0.12 0.93 5.34
255 40 y = ax + bx2 2.13 0.07 0.96 2.01
423 40 y = ax + bx2 2.44 0.001 0.95 2.04
637 40 y = ax + bx2 2.62 −0.06 0.95 1.26
1020 40 y = ax + bx2 2.69 −0.10 0.97 0.42
1659 40 y = ax + bx2 2.53 −0.11 0.92 0.89
2424 40 y = ax + bx2 2.39 −0.11 0.88 0.98
Density N.	obs. Model a∗ b∗ R2 RMSE
106 40 y = ax + bx2 1.68 −0.011 0.97 1.08
159 40 y = ax + bx2 1.92 −0.034 0.95 1.22
255 40 y = ax + bx2 1.78 −0.009 0.96 1.16
423 40 y = ax + bx2 2.06 −0.018 0.96 1.07
637 40 y = ax + bx2 2.15 −0.003 0.96 1.30
1020 40 y = ax + bx2 2.37 −0.05 0.96 1.09
1659 40 y = ax + bx2 2.53 −0.08 0.95 1.67
2424 40 y = ax + bx2 2.59 −0.098 0.94 1.73
Age N.	obs. Model Intercept(y0) a∗ b∗ R2 RMSE
2.4 32 N/A N/A N/A N/A N/A N/A
3.5 32 y = y0 + ax + bx2 N/A N/A N/A N/A N/A
4.4 32 y = y0 + ax + bx2 N/A N/A N/A N/A N/A
5.7 32 y = y0 + ax + bx2 0.068 6E−06 −8E−09 0.36 0.0002
6.6 32 y = y0 + ax + bx2 0.1266 −3E−05 −1E−09 0.49 0.0006
7.5 32 y = y0 + ax + bx2 0.2274 −0.0001 3E−08 0.68 0.0014
8.6 32 y = y0 + ax + bx2 0.3394 −0.0002 6E−08 0.79 0.0021













Age N.	obs. Model Intercept a∗ R2 RMSE
(y0)
2.4 32 y = y0 + a ∗ ln(x) −12.95 2.54 0.79 1.4
3.5 32 y = y0 + a ∗ ln(x) −63.68 12.67 0.85 5.66
4.4 32 y = y0 + a ∗ ln(x) −102.42 20.93 0.88 8.17
5.7 32 y = y0 + a ∗ ln(x) −135.65 28.77 0.90 10.25
6.6 32 y = y0 + a ∗ ln(x) −178.96 39.19 0.91 12.64
7.5 32 y = y0 + a ∗ ln(x) −204.28 47.07 0.9 16.1
8.6 32 y = y0 + a ∗ ln(x) −213.1 52.18 0.88 20.47
9.3 32 y = y0 + a ∗ ln(x) −224.19 56.4151 0.85 24.64
Age N.	obs. Model Intercept	(y0) a∗ R2 RMSE
2.4 32 y = y0 + a ∗ ln(x) −5.95 1.17 0.82 0.58
3.5 32 y = y0 + a ∗ ln(x) −17.35 3.51 0.87 1.43
4.4 32 y = y0 + a ∗ ln(x) −21.1 4.38 0.91 1.47
5.7 32 y = y0 + a ∗ ln(x) −24.72 5.34 0.92 1.66
6.6 32 y = y0 + a ∗ ln(x) −28.94 6.48 0.93 1.87
7.5 32 y = y0 + a ∗ ln(x) −30.72 7.21 0.92 2.18
8.6 32 y = y0 + a ∗ ln(x) −31.30 7.6 0.91 2.64
9.3 32 y = y0 + a ∗ ln(x) –32.39 8.16 0.91 2.77
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Query:	Your	article	is	registered	as	a	regular	item	and	is	being	processed	for	inclusion	in	a	regular	issue	of	the	journal.	If	this	is	NOT	correct	and	your	article	belongs	to	a	Special	Issue/Collection	please
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Answer:	Yes
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Highlights
• Diameter	and	height of	teak	are	impacted	significantly by	the	initial	stand	density.
• Initial	stocking	of	>1000	trees	ha−1	require	pre-commercial	thinning	by	5 years.
• Initial	stocking	rates	between	600	and	1000	trees	ha−1	are	likely	to	maximise	growth	and	value	of	teak	woodlots	in	Laos.
• Inter-row	spacing	of	at	least	10 m	allows	crop	yields	over	2 t ha-1,	5–6 years	after	planting	teak.
